Objective To evaluate the relation between Parkinson's disease and prior use of non-steroidal anti-inflammatory drugs (NSAIDs) in a large cohort of men. Design Case-control analysis nested in the Physicians' Health Study. Participants 22 007 male physicians aged 40-84 years without indications for or contraindications to regular NSAID use and free of Parkinson's disease at baseline. Cases and controls were matched by age alone or by age and scores for confounders (comorbidity and indicators of NSAID use). Up to five controls were matched to each of 616 cases by age and 565 cases by age and confounder scores. Setting United States.
INTRODUCTION
The evidence that neuroinflammation contributes to the pathogenesis of Parkinson's disease is compelling. 1 Microglial reaction 2 and upregulation of inflammatory mediators 3 are evident in the brains of patients with Parkinson's disease, and a variety of non-steroidal anti-inflammatory drugs (NSAIDS) provide neuroprotection in animal models. [4] [5] [6] Although there is abundant epidemiological evidence of a protective role for NSAIDs in the development of Alzheimer's disease, there have been relatively few observational studies of NSAID use and the risk of Parkinson's disease. Most of these studies have found use of non-aspirin NSAIDs to be associated with a decreased risk of Parkinson's disease, [7] [8] [9] [10] [11] [12] [13] [14] [15] but one reported an increased risk. 16 Aspirin use has been associated with a decreased risk of Parkinson's disease in three studies, 10 14 15 and either no effect or increased risk in three others. 8 12 17 Information on the relation between duration of NSAID use and risk of Parkinson's disease is limited by the relatively short followup of most studies.
Analysis of drug effects in non-randomised studies requires careful consideration for the potential of confounding. There are many chronic conditions associated with NSAID use, and an imbalance in these comorbidities between patients with Parkinson's disease and reference subjects may obscure the association between Parkinson's disease and NSAIDs. Furthermore, Parkinson's disease may cause pain and discomfort years before its diagnosis, [18] [19] [20] creating an association with NSAIDs based on symptoms of the disease itself-a bias known as confounding by indication.
We investigated the relation between use of aspirin and non-aspirin NSAIDs and Parkinson's disease in a large cohort of men with detailed prospective information on drug use and over 25 years of follow-up, with a methodological strategy designed to illustrate the influence of confounding.
METHODS
The Physicians' Health Study was a randomised trial of aspirin (325 mg every other day) and β carotene (50 mg on alternate days) for the primary prevention of cardiovascular disease and cancer among 22 071 US male physicians. Detailed descriptions of the study design and findings have been published. 21 22 At study entry in 1982, participants were between 40 and 84 years; had no history of cardiovascular disease, cancer, or other serious illness; and had no indication for or contraindication to aspirin or non-aspirin NSAIDs. All participants were tolerant to a three month run-in phase of aspirin treatment. Baseline information was self reported and collected by a mailed questionnaire that asked about risk factors for disease as well as lifestyle variables. Ninety two per cent of the participants identified their ethnicity as white. Participants were sent follow-up questionnaires asking about study outcomes and other medical information, twice in the first year and then yearly. The aspirin arm was discontinued after an average of five years of follow-up because of a 44% risk reduction in myocardial infarction in the aspirin group. 21 Post-trial follow-up is ongoing. 23 We used follow-up information to 4 March 2008 in our analysis.
Ascertainment of Parkinson's disease
We identified all participants who reported a new diagnosis of Parkinson's disease on their annual survey between 1982 and 2008. To evaluate the accuracy of the self reporting of Parkinson's disease, we performed a validation study using the available medical records of 73 participants who indicated a new diagnosis of Parkinson's disease. 24 In the Physicians' Health Study, medical records were obtained for each reported study outcome (cardiac event, transient ischaemic attack, stroke, cancer, pulmonary embolism or death). A physician (JAD) evaluated the medical records of participants who reported Parkinson's disease before developing an outcome event. The records were then reviewed independently by two physicians with training in neurology (TK and GL Patient with a diagnosis of Parkinson's disease who was followed by a neurologist or a movement disorders specialist.
Of the 73 patients with available medical records, the self reported diagnosis of Parkinson's disease was found to be valid in 90% (66 patients). In 7% it was not possible to exclude a secondary cause of parkinsonism, and in only 3% was the diagnosis of Parkinson's disease incorrect.
Ascertainment of controls
A participant was considered a control if he was free of self reported Parkinson's disease at the time of the diagnosis of the case (index date) and remained free of the disease for five years from the index date (to avoid the possibility of subclinical disease). However, we considered participants a control if they died within five years of the index date from a cause other than Parkinson's disease to avoid bias. We used information from the questionnaire closest to the index date to define comorbidities and covariates for cases and controls. If this questionnaire was missing, information was imputed from prior questionnaires.
To better understand the influence of comorbidity in our analysis, we created two case-controls sets. In the first set, eligible controls were of the same age as the case. In the second set, participants were matched by age and by scores for confounding variables (comprising a modified Charlson comorbidity score, a score for indicators of NSAID use, and a score for side effects of NSAID use). Controls were selected from the study population in this manner: (a) we matched each case to all potential controls by age at baseline, (b) the date of the case diagnosis of Parkinson's disease was assigned to each potential control as the index date, (c) the comorbidity score and two NSAID scores were calculated for each control at the time of the index date, and (d) up to five matched controls were randomly chosen from all potential controls with the same confounder scores as the case.
Definition of confounder scores
The comorbidity score was calculated using a modified version of the Charlson comorbidity index, a scoring system for common comorbid conditions that is weighted according to mortality risk. 25 As participants in the Physicians' Health Study were apparently healthy at baseline, the score reflected total comorbidities accumulated between study entry and the index date. Myocardial infarction, stroke, and cancer were study end points and were confirmed by medical record review. Other conditions were self reported by the study participants. The Charlson index categorises renal and liver disease as mild or as moderate to severe. Because we could not determine disease severity, we categorised all liver disease as mild and all renal disease as moderate to severe, as has been done in other modifications of the Charlson index. 26 Solid tumours that were localised at presentation received a score of 2, while those that were metastatic received a score of 6.
A score for indications of NSAID use was calculated by assigning one point for each of the following conditions: migraine, frequent headache (reported ≥3 times), osteoarthritis, inflammatory arthritis, cerebrovascular disease, and coronary artery disease. A score for NSAID side effects or contraindications was calculated by assigning a point for each of the following conditions: gastrointestinal bleeding, ulcer, and gastrointestinal symptoms (nausea, vomiting, dyspepsia, dysphagia).
Assessment of NSAID use
Participants completed annual questionnaires asking about compliance with the study medication (aspirin and β carotene), outside use of aspirin, drugs containing aspirin or non-aspirin NSAIDs, and their possible side effects. Non-study aspirin and NSAID use was reported as the number of days of use in the preceding 12 months, and was categorised as 0, 1-14, 15-60, or >60 days. Regular use of aspirin and other NSAIDs was defined as >60 days' use per year. We included both study and non-study aspirin use in the definition of the aspirin variable. Because few participants had no regular aspirin exposure, cumulative exposure to aspirin was categorised as 0-4, 5-9, 10-14, or ≥15 years of regular use. As regular NSAID use was a contraindication to study participation, few participants were regular users of non-aspirin NSAIDs for the first five years of the trial. Cumulative non-aspirin NSAID use was categorised as 0, 1-2, 3-4, or ≥5 years.
Statistical analysis
Using conditional logistic regression, we calculated the odds ratio and 95% confidence interval of prior non-aspirin NSAID or aspirin use by participants with Parkinson's disease and by their controls in each case-control set. We defined NSAID exposure in three ways: (a) ever versus never regular use for non-aspirin (17) 430 (14) 76 (14) 291 ( Peptic ulcer 115 (19) 559 (18) 97 (17) 415 (17) Gastrointestinal bleeding 106 (17) 464 (15) 80 (14) 252 (10) Gastrointestinal symptoms NSAID (0-4 years v >4 years for aspirin), (b) days of use in the year before matching, and (c) years of regular use.
To investigate the possibility of increased NSAID use just before identification of Parkinson's disease as the result of symptoms from the undiagnosed disease, we repeated the above analyses using information on NSAID use from five years before the index date. All analyses were adjusted for the following risk factors for Parkinson's disease: smoking (never, past, current), alcohol use (daily, weekly, monthly), vigorous exercise (sufficient to cause sweating) (ever, never), and body mass index (<25, 25-<30, ≥30). These covariates were updated during the study, and we used the information closest to the matching date. We adjusted for aspirin use when estimating the effects of non-aspirin NSAIDs and vice versa. To evaluate potential effect modification, we stratified the analyses of cumulative NSAID use by mean age at identification of Parkinson's disease (<74 years, ≥74 years) and smoking status (ever, never). We included interaction terms in the model to test for significant effect modification. (table 3) . There was an increased risk of Parkinson's disease in men who had regular NSAID use of 1-2 years' duration (odds ratio 1. 35 (1.07 to 1.70)) and of ≥5 years' duration (odds ratio 1.48 (1.05 to 2.09)) in the age matched group, but in the group also matched for confounder scores the risk was increased only in those with 1-2 years of use (odds ratio 1. 35 (1.05 to 1.75)) (table 4). When we excluded NSAID use within five years of the matching date, the association was borderline in the age matched group but no longer apparent in the group also matched for confounder scores. There was no trend towards increased or decreased risk of Parkinson's disease across categories of increasing duration of regular use.
RESULTS

Using information
Use of aspirin
There was a suggestion of an increased risk of Parkinson's disease in men who reported aspirin use for more than four years in the group matched for confounder scores (odds ratio 1.33 (1.00 to 1.78)), but there was no association after excluding aspirin use within five years of the matching date (table 2). There was no association between Parkinson's disease risk and aspirin use in the year before the disease was reported (table 3) . Men who reported regular aspirin use of 5-9 years had an increased risk of Parkinson's disease (odds ratio 1.38 (1.02 to1.87)), but the association was not significant for longer durations of use and disappeared after excluding aspirin use within five years of the matching date (table 4) .
Tests for effect modification There was no significant effect modification by either age or smoking status on the relation between Parkinson's disease and NSAID or aspirin use. Neither a sensitivity analysis excluding those with known vascular disease nor one excluding participants with indicators of chronic pain (headache, migraine, arthritis) changed the results substantially. 
DISCUSSION
Results from this large nested case-control study do not provide evidence that regular NSAID use decreases the risk of Parkinson's disease. This is despite careful adjustment for comorbid conditions, which can have a substantial influence on the analysis of drug effects in elderly populations. 27 Non-aspirin NSAID use among cases was clustered in the few years before diagnosis, and positive associations between non-aspirin NSAID or aspirin use and Parkinson's disease tended to disappear with increasing lag time. These findings underscore the complex relation between NSAID use and Parkinson's disease and suggest the presence of confounding by indication.
Comparison with other studies A small number of studies provide evidence that NSAID use may decrease risk of Parkinson's disease. In a pooled analysis of data from the Nurses' Health Study and Health Professional Follow-up Study, regular users of non-aspirin NSAIDs at baseline had a relative risk of 0.55 (95% confidence interval 0.32 to 0.96) for Parkinson's disease. 10 In another large prospective cohort, ibuprofen use was associated with a lower risk of Parkinson's disease (relative risk 0.65 (0.48 to 0.89)), whereas aspirin, acetaminophen, and other NSAIDs had no association. 9 In one case-control study, a longer duration of regular non-aspirin NSAID use (≥2 years) was associated with a substantially decreased risk of Parkinson's disease (odds ratio 0.45 (0.26 to 0.74)). 14 Two case-control studies suggest that regular users of aspirin have a lower risk of Parkinson's disease, 14 15 while two others suggest an increased risk. 8 12 In contrast, we found no convincing protective association between aspirin or non-aspirin NSAID use and Parkinson's disease. The Rotterdam Study, a population based cohort in which Parkinson's disease was diagnosed by examination in person, also found an increased risk of Parkinson's disease among regular users of NSAIDs in a prospective analysis, although the finding was not statistically significant (relative risk 1.50 (0.95 to 2.37)). 16 At least three large prospective cohorts found no association between baseline regular use of aspirin and Parkinson's disease risk, 9 10 although in two of the cohorts a suggestion of decreased risk was seen in users of higher doses (≥2 tablets daily). 10 In some ways the Physicians' Health Study cohort is uniquely suited to investigate the effects of NSAIDs. At baseline, our participants were all tolerant to aspirin and had no imbalance in comorbidities or indications for or against aspirin or NSAID use. Using a matched case-control design, we were able to control for the confounding effect of indications for and contraindications to NSAID use as they developed over time.
However, a number of important distinctions between the Physicians' Health Study and prior cohorts must be considered. Firstly, our population was older than other cohorts, with an average age of 74 years at diagnosis of Parkinson's disease. The effect of a specific exposure can be strongly modified by the age at which the cohort begins. In addition, the health conscious physicians in our study are exceptionally long lived, 28 and 25% of our cases of Parkinson's disease were diagnosed after age 80. The protective association of non-aspirin NSAIDs on Parkinson's disease may be stronger in younger patients or in those with younger onset disease. If NSAIDs do delay the onset of Parkinson's disease, this might increase its incidence in old age. 29 However, we had no evidence of effect modification by age in our data. Alternatively, younger patients may have different indications for NSAID use or a longer duration of use than older patients.
Secondly, it is possible that, because of the highly selected nature of our cohort, we are missing a group in which a protective benefit of NSAIDs might be seen. However, there is no plausible reason to believe that the effect of NSAIDs on Parkinson's disease differs in the participants of the Physicians' Health Study as compared with other populations.
Finally, we were unable to separate the exposure to non-aspirin NSAIDs into individual NSAID types, such as ibuprofen (which may be particularly protective against Parkinson's disease). 9 However, at least in early years of the study, ibuprofen was the most commonly used non-aspirin NSAID on the US market. Methodological considerations in non-randomised studies of drug effects Our findings show the difficulties inherent in the evaluation of drug effects in non-randomised studies. First is the influence of comorbidity on the relation between NSAID use and Parkinson's disease. This is particularly important in an elderly cohort such as ours. The confounding created by imbalance in comorbidities can be seen in either direction. The positive association between ever use of NSAIDs and Parkinson's disease disappeared when controls were matched on comorbidity. While it is difficult to match on individual comorbid conditions, we show that matching on a score is a useful method of balancing comorbidities. 31 Another important source of potential bias in nonrandomised studies of drugs effects is confounding by indication. We found a positive association between ever use of NSAID and Parkinson's disease in the age matched group and between cumulative aspirin use and Parkinson's disease in the group also matched for confounders. These associations tended to disappear with increasing lag time, suggesting that NSAID and aspirin use in cases was clustered in the few years before the diagnosis of Parkinson's disease.
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Pain is common in Parkinson's disease and may be a primary or secondary symptom. 32 Primary sensory symptoms originate in the peripheral or central nervous system, while secondary pain may be caused by conditions such as dystonia and muscle cramps. Sensory symptoms may precede the diagnosis of Parkinson's disease for several years, even before motor symptoms develop. 19 20 As we did not have the date of symptom onset, it is possible that our patients with Parkinson's disease experienced increased pain for a few years before the diagnosis, explaining the increase in NSAID use around this time.
Strengths and limitations of study Our analysis has a number of strengths. Valid data on NSAID use is difficult to obtain through retrospective means or pharmacy databases, since many NSAIDs may be obtained over the counter and are often used periodically. Unlike other studies, we present data on aspirin and non-aspirin NSAID use collected yearly over 25 years. The physicians who participated in this study (a trial of aspirin for prevention of cardiovascular disease and cancer) were particularly motivated to report NSAID use accurately. Participants in the Physicians' Health Study had no indication or contraindication for NSAID use at study entry. As we also have detailed information about comorbid conditions during follow-up, our study is particularly well suited to address concerns about indication bias. Since profession and socioeconomic status are known to be associated with the risk of Parkinson's disease, 33 the fact that all our participants were physicians should help to reduce confounding. The long follow-up allowed us to examine the effects of duration of treatment, an advantage over other studies.
A particular strength of our study is the nested casecontrol design, which allowed for matching on comorbidities and indicators of chronic NSAID use. This enabled us to evaluate potential confounding effects in a more careful way than is possible in a cohort design. In addition, this design also takes into account potential effect modification by the matching factors on the association between NSAID use and Parkinson's disease, a fact often ignored in multivariable analysis of cohort studies. 34 To be sure that 1:5 matching was adequate, we performed a bootstrap analysis which provided similar results, reassuring us that our findings are robust.
Our study also has limitations. Firstly, our diagnosis of Parkinson's disease was based on self reporting by the participating physicians. However, the self reported diagnosis of Parkinson's disease is known to be highly valid in a population of health professionals. 17 In our study, direct validation of more than 10% of the self reported cases of Parkinson's disease diagnoses by means of medical records revealed an accuracy of 90%, which is similar to that found in other validation studies of self reporting in the Physicians' Health Study. 35 As we did not have the date of onset of Parkinson's symptoms, participants may have had the disease for months to years before reporting it. To address this, we excluded data for the five years before the date of reporting the Parkinson's disease diagnosis. Our cohort is homogeneous in a number of important respects, being composed of men of the same educational level and profession who are predominantly white. Hence, generalisability to other populations may be limited. The median age of onset of Parkinson's disease in our cohort is older than in many other studies, and our results may not be applicable to people with early onset disease. However, early onset Parkinson's disease affects only a small portion of patients. We performed a large amount of subgroup analyses, which may increase the risk of chance findings. Finally, despite our attempts to adjust for confounding, our results may be limited by the presence of residual and unmeasurable confounding in this observational study.
Implication for clinical practice
NSAIDs have been proposed as potential preventive agents for Parkinson's disease, based on laboratory evidence as well as results from a few large observational studies. 36 However, a number of subsequent studies, including ours, suggest no protective effect. Considering the substantial potential side effects of chronic NSAID use, the totality of available data is not sufficient to recommend NSAIDs for prevention of Parkinson's disease.
Direction for future research Because of the inconsistencies in studies evaluating NSAIDs as neuroprotective agents, further studies are warranted to prove or disprove this hypothesis. Such studies should take standard indication, contraindication, and side effects of NSAIDs into account and should carefully evaluate the timing between NSAID use and disease onset.
In summary, in this prospective case-control study of US male physicians, we found no evidence of a protective association between regular use of aspirin or other NSAIDs and the risk of Parkinson's disease. Our results show complex associations, and the positive associations we observed between NSAIDs and Parkinson's disease may be due to confounding by indication, as the NSAID use was clustered in the few years before diagnosis.
We thank the staff of the Physician's Health Study and the 22 071 dedicated physicians who have made this project possible. Contributors: JAD conceived and designed the study, performed the data analyses, wrote the first draft of the article, and is guarantor for the study. LL helped with the research and drafting of the manuscript. JMG, GL, and TK gave detailed advice at all stages of the analyses. All authors contributed to the writing of the paper and gave substantial advice and input into the study. All authors had full access to the data (including statistical reports and tables) in the study and can take responsibility for the integrity of the data and the accuracy of the data analysis. Funding: This research is funded by a grant from the Parkinson's Disease Foundation. The Physicians' Health Study is supported by grants CA-34944, CA-40360, and CA-097193 from the National Cancer Institute and grants HL-26490 and HL-34595 from the National Heart, Lung, and Blood Institute, Bethesda, MD. The study sponsor had no role in study design; data collection, analysis, or interpretation; writing the article; or the decision to submit it for publication. The researchers are independent from funders and sponsors. Competing interests: All authors have completed the Unified Competing Interest form at www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and declare: JAD has support from the Parkinson's Disease Foundation for the submitted work; no financial relationships with any organisations that might have an interest in the submitted work in the previous three years; and no other relationships or activities that could appear to have influenced the submitted work. We report a full disclosure for the past five years for each of the authors. JAD has a research grant from the Parkinson's Disease Foundation, the Hartford Foundation, Harvard Medical School, and a Career Development Award from the Veteran's Administration. LL has nothing to disclose. GL has received research funding from the Amyotrophic Lateral Sclerosis Association, Italian Ministry of Health, the Apulia Region, and special funding from the Italian Ministry of Universities and has received honorariums from Pfizer, Novartis, Glaxo, and Lilly Pharmaceutical for speaking engagements. JMG has received investigator initiated research funding and support as principal investigator from National Institutes of Health, BASF, DSM Pharmaceuticals, Wyeth Pharmaceuticals, McNeil Consumer Products, and Pliva; received honoraria from Bayer and Pfizer for speaking engagements; and is a consultant for Bayer, McNeil Consumer Products, Wyeth Pharmaceuticals, Merck, Nutraquest, and GlaxoSmithKline. TK has received investigator initiated research funding from the French National Research Agency, the US National Institutes of Health, Merck, the Migraine Research Foundation, and the Parkinson's Research Foundation; is a consultant to i3 Drug Safety and World Health Information Science Consultants, LLC; and has received honoraria from the American Academy of Neurology, Genzyme, Merck, and Pfizer for educational lectures. Ethical approval: All participants in the Physician's Health Study provided written informed consent, and the trial was approved by the institutional review board of the Brigham and Women's Hospital. This study, which used analysis of existing data, was also approved by the institutional review board of the Brigham and Women's Hospital. Data sharing: No additional data available.
